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TITLE OF THE INVENTION 

Medical Device^for^ the Treatme nt^of^Bioloxii^l Tissue \ 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a medical instrument for the treatment of 
biological tissue as defined in the preamble of claim 1. 

[0002] Such instruments are used to accelerate or even initiate the 
process of healing broken bones and bone defects, but also paradontosis, by 
means of pressure or impact waves. Other fields of application are the 
treatment of chronic pains occurring with disorders of the point of attachment 
of sinews and the dissolution of myofascial trigger areas. It is assumed that 
the pressure waves cause microscopic damages to the biological tissue that 
cause the body to take regenerating actions. 

[0003] Presently, so-called extracorporeal pressure or impact wave 
devices are used for such applications. These devices generate an acoustic 
pulse and pass it, via the skin surface, to the target region within the body, 
where it will then become effective. A device of this class of apparatus, which 
has a simple structure, is described in the patent document DE 197 25 477. 
Here, the acoustic pulse is generated by the impact of a projectile and is 
coupled unfocussed into the body via a blunt transmission element. Other 
medical devices of this type focus an acoustic pulse to the target region. A 
typical example of such a device can be found in the German Laid Open 
document DE 23 51 247. Here, a spark discharge serves as the source of the 
acoustic pulse which is focused by an elliptic reflector. For generating the 
pressure waves, prior art meanwhile also includes electromagnetic and 
piezoelectric sources (DE 35 02 751). Known alternative means for focusing 
are the use of acoustic liquid or solid matter lenses (US 5,727,875), the design 
of the acoustic source as a moved spherical cap surface (DE 33 12 014 C2) or 
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the disposition of a plurality of sources on a ball surface (DE 199 28 491 Al) 
as they are often used in piezoelectric drives. 

[0004] The operation of all known focusing systems requires a high 
voltage power unit to generate the short but strong acoustic pulses. This 
makes the devices complicated, limits the maximum repetition frequency per 
unit time with a still reasonable structural size, and requires safety measures 
for isolating the high voltage. The embodiments of DE 197 25 477 do not allow 
a focusing of the acoustic energy and applications are thus restricted to 
indications close to the surface. 

SUMMARY OF THE INVENTION 

[0005] Thus, it is the object of the invention to provide a pressure or 
impact wave device such that it generates pressure or impact waves in a 
simple and economic manner and focuses these waves onto a target region in 
the body. The object is solved with the features of claim 1. 

[0006] Advantageously, the invention comprises a primary pressure 
wave generator, wherein an impact member may be accelerated to a high final 
velocity through a drive means and exerts an impulse on a transmission 
element. Due to this impulse, the impact member induces a pressure wave in 
the transmission element, which propagates therein towards its exit boundary 
surface from where it is coupled into the biological tissue. The exit boundary 
surface is designed such that the exiting wave forms a focus in the biological 
tissue. This is achieved by the shaping of the transmission element, wherein 
the propagation time from the generation by the impulse to the focus is the 
same for each local wave. In a first approximation, an almost spherical exit 
boundary surface would be obtained for a straight transmission element of 
steel. 

[0007] Preferably, the impact member is a projectile of metal or another 
high-strength material, which may be reciprocated in a guiding by means of a 
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pulse of compressed air. Due to its simplicity and the weight advantages, the 
pneumatic drive is particularly suited to accelerate the impact member to a 
high final velocity and the accompanying high impulse energies. However, 
other drives using a spring mechanism or electromagnetic means are 
contemplated. 

[0008] Especially in orthopaedic applications, it is advantageous to 
couple a plurality of individual pulses into the biological tissue to obtain an 
optimum effect. Therefore, the drive means is preferably designed such that a 
periodic reciprocating movement of the impact member is possible. The impact 
frequency is approximately 1 to 30 Hz, preferably 5 to 12 Hz. With pulse 
numbers of about 2000 per session, as presently recommended for 
orthopaedic applications, treatment times of less than five minutes are 
possible. 

[0009] In a preferred embodiment, the transmission element is guided 
linearly and axially in a housing, a spring/damping element being arranged 
between the transmission element and the housing. In this manner, a 
decoupling of the transmission element is realized. Moreover, the 
spring/damping element returns the transmission element to its initial position 
after each individual pulse and limits the movement of its center of gravity. 
Further, the spring/damping element seals the exterior space from the interior 
part and prevents the intrusion of dirt. For coupling the pressure or impact 
wave into the biological tissue, a great deflection of the transmission element 
is not necessary and is not desirable, since it is particularly painful to the 
patients. Rather, the wave transmission is effected by compressing and 
expanding the transmission element and not by its displacement. Therefore, 
typical values for the stroke of the transmission element are less than 0.5 mm. 

[0010] An intermediate element may be provided between the impact 
member and the transmission element, which passes the impulse from the 
impact member to the transmission element. This intermediate element can 
serve to achieve a better shielding of the drive means from the application 
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area or to redirect the direction of the pressure wave or to influence the 
pressure wave characteristics. 

[0011] Preferably, the transmission element is made of a high-strength 
material, such as steel, to stand the stresses caused by the action of the 
impact member. In a preferred embodiment, the impacting surface of the 
impact member and the surface of the transmission element that is hit are 
planar and oriented perpendicular to the direction of movement of the impact 
member. In such a case, the impact creates a planar wave in the transmission 
element that propagates within the same. When the transmission element is a 
bolt without substantial variations in cross section, the wave retains its shape 
and wanders towards the exit boundary surface as an planar wave. The 
preferred exit boundary surface of the transmission element has almost the 
shape of an inwardly curved ball surface. In this case, there is a point in the 
biological tissue where - due to the different speeds of sound in the 
transmission element and in the biological tissue - all individual local waves 
arrive at the same time, thus forming a focus. The position of the focus in the 
biological tissue with respect to the transmission element can be preset by the 
selection of the radius of curvature of the exit boundary surface. The ideal 
geometry of the exit boundary surface differs slightly from a ball surface and 
can be determined by calculation. 

[0012] To increase the emitted acoustic power of the transmission 
element, its exit boundary surface should be chosen as large as possible, 
whereas the diameter of the impact member should be kept as small as 
possible, so as to make the moved masses and pulses manageable for a 
medical application. It has been found that, when the diameters of the impact 
member and the exit area of the transmission element are the same, the 
possibility of focusing is limited. 

[0013] For an optimum generation of the pressure wave in the 
transmission element, the impact surface of the impact member and the entry 
surface of the transmission member should be chosen to be of equal size. In a 
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preferred embodiment, the exit diameter of the transmission element should 
thus be dimensioned larger than the transverse dimension of the impact 
member or its own entry diameter, respectively. 

[0014] Therefore, the transmission element is preferably formed as an 
exponential horn that provides for a loss-free transition of the planar wave 
from small cross sections to larger ones. Neglecting the ideal transmission, 
other optional enlargements of the cross section of the transmission element 
from its entry diameter to the exit diameter are possible. The geometry of the 
exit boundary surface of the transmission element should then again be 
chosen such that the propagation times of the wave form a focus in the 
biological tissue. 

[0015] With such transmission elements, the outer edges, formed by the 
inwardly curved exit boundary surface, protrude. Since a movement of the 
transmission element due to the impact pulse cannot be avoided completely, 
these protruding edges may damage or at least irritate the biological tissue. 
Therefore, in a preferred embodiment, these outer edges are formed 
atraumatic. Rounding the edges or providing a protective coating are suitable 
measures. It is also conceivable that the outer edges of the housing slightly 
protrude in the axial direction so that the transmission element will not come 
into direct contact with the biological tissue. 

[0016] An impedance adjustment medium may be arranged between the 
exit boundary surface and the point of coupling on the biological tissue, the 
medium improving the coupling of the pressure wave into the biological tissue. 
When entrapped air is present between the exit boundary surface of the 
transmission element and the entry surface of the biological tissue, a part of 
the pressure pulse is reflected at this acoustic irregularity and the portion 
transmitted is reduced. A suitable paste-like impedance adjustment medium 
is, e.g., an ultrasound gel or another pasty mass with an impedance similar to 
that of the biological tissue (e.g. Vaseline). 
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[0017] To avoid air entrapments, the cavity formed by the spherical 
shape may be lined with a solid, acoustically well conductive material. Such a 
suitable material is polystyrene, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Figs. 1 and 2 illustrate a mechanically operated medical device in 
cross section. 

[0019] Figs. 3 to 9 illustrate a series of different embodiments of a 
transmission element. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The handpiece 1 illustrated in Fig. 1 consists of a housing 4 
accommodating a pneumatic inner cylinder 6 in which an impact member 10 is 
reciprocated between two end positions using pneumatic drive means 14 in 
combination with a dynamic pressure chamber 8 coaxially surrounding the 
inner cylinder 6 in an annular manner. As an alternative, the impact member 
10 may be moved hydraulically, mechanically, electromagnetically or by other 
drive means. Depending on the type of drive, a suitable length of the 
acceleration path can be chosen. For a pneumatically operated impact unit and 
a typical compressed air pressure of about 0.3 MPa (3 bar), the acceleration 
path is about 50 to 200 mm. The length, the final velocity and the material 
composition of the impact member 10 may be selected in order to characterize 
the pressure or impact wave. Typically, the power of the medical instrument is 
set by regulating the compressed air by means of a pressure reducing means. 

[0021] In the proximal end position of the impact member 10, a 
magnetic holder 17 is provided at the end of the inner cylinder 6, which can 
hold the metal impact member 10 in its proximal end position until pneumatic 
pressure applied via the connection 13 again accelerates the impact member 
10 towards the distal end of the inner cylinder 6. The air present in the 
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direction of movement of the impact member 10 is guided into the dynamic 
pressure chamber 8 via annular slits 16 in the distal end of the inner cylinder 
6. Due to the acceleration, the impact member 10 hits the entry boundary 
surface 20 of a transmission element 2, which is located distally of the inner 
cylinder 6, with a high final velocity of 10 to 25 m/sec, for example, and 
induces a pressure or impact wave therein that propagates to its exit boundary 
surface 19 and is then coupled into the biological tissue. The transmission 
element 2 is made of a metallic material and is slidably guided in a receptacle 
18. An annular groove 3 is provided in the transmission element 2 and in the 
receptacle 18, an elastic spring/damping element 15 being situated in the 
groove. This element serves to decouple the transmission element 2 from the 
receptacle 18, but also has the effect that the transmission element 2 returns 
to its initial position after the impact. At the same time, the spring/damping 
element 15 seals the pressure chamber 8 from the exterior space and thus 
prevents the compressed air from escaping and dirt from intruding. The exit 
boundary surface 19 of the transmission element 2 is formed as a section of a 
spherical surface. In a first approximation, the focus 7 of the exiting pressure 
or impact wave corresponds to the geometric center of the spherical surface. 

[0022] After the termination of the impact action, the spring/damping 
element 15 returns the transmission element 2 into its initial position. The 
impact member 10 is returned into its rest position at the proximal end of the 
inner cylinder 6 by the overpressure built up in the dynamic pressure chamber 
8 and the return flow of the air through the annular slits 16, and is fixedly held 
by the magnetic holder 17. The instrument is then prepared for another impact 
action. 

[0023] The embodiment illustrated in Fig. 2 is additionally provided with 
an intermediate member 9 with a seal 11, which is arranged between the 
impact member 10 and the transmission element 2. This component is 
intended to be hit by the impact member 10 and to pass the impact pulse to 
the transmission element 2. Here, the receptacle 18a and 18b is of two-piece 
structure. By loosening the rotary connection 12, the transmission element 2 
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and the front receptacle 18 can be removed. The handpiece 1 remains closed 
in the process and is easily cleaned, disinfected and sterilized, without liquid or 
dirt being able to enter the interior of the handpiece 1. 

[0024] A transmission element 2 of very simple structure is illustrated in 
Fig. 3. In this case/an enlargement of the cross section has been omitted, so 
that the outer diameter of the transmission element remains constant. 

[0025] By varying the radius of curvature of the exit boundary surface 19 
of the transmission element 2, the position of the focus 7 may be set. Fig. 4 
illustrates a transmission element 2 with a large radius of curvature, whereby 
the focus 7 is situated farther behind the exit boundary surface 19. Fig. 5 
illustrates an embodiment with a small radius of curvature. 

[0026] Due to the geometric shape of the exit boundary surface 19 of the 
transmission element 2, sharp edges are formed that could lead to an injury or 
irritation of the biological tissue. For this reason, the outer edges of the 
transmission element 2 are rounded in Fig. 6. 

[0027] For a simpler handling or for reasons of manufacturing costs, 
designing the enlarged cross section of the transmission element 2 from its 
entry diameter to its exit diameter as an exponential horn can be omitted, and 
a simple stepped transition can be used. Fig. 7 illustrates such an 
embodiment. 

[0028] To avoid air entrapments and to obtain a planar surface of the 
transmission element 2, the spherical exit boundary surface 19 of the 
transmission element 2 is lined with an acoustically well conductive insert 5, as 
illustrated in Fig. 8, which has impedances similar to those of the biological 
tissue. 



